The study investigates thermal stratification effects of approach flows on dispersion in urban environments. This is in some ways analogous to a well developed non-neutral flow (e.g. through a large urban area) approaching a neighborhoodscale urban region, where the effect of the local heat transfer was assumed less important. A generic urban-type geometry, i.e. a group of staggered cubes, was taken as the first test case. The DAPPLE site, which was about a one-km 2 region near the intersection of Marylebone Road and Gloucester Place in central Lon- 
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The dynamical quantities,ū i ,p are resolved-scale (filtered) velocity and pressure respectively. ρ and ν are respectively density and kinematic molecular viscosity. 
where
; ∆ is taken as the cube root of cell volume. δ i j is the 69 Kronecker-delta. In the near-wall region, the Lilly damping function was applied.
70
The filtered scalar and temperature transport equations are,
wherec andθ are respectively resolved-scale (filtered) scalar and absolute tem- 
77
The discretisation for all terms in Eqs. 1-4 was second-order accurate in both 78 space and time. A second order monotone advection and reconstruction scheme 79 (MARS) for the convective terms in space were applied to solve Eqs. 3 and 4.
80
The MARS is used to capture sharp gradients at the plume's edge and to avoid 81 spurious negative concentrations. 
Settings of inlet boundary conditions
where ∆θ is the difference between ground temperature θ f and freestream tem-100 perature θ a ; g is acceleration due to gravity; h is average building height; U re f is 101 freestream velocity.
102 Fig. 1 shows dimensionless mean inlet temperature (θ −θ a )/(θ f −θ a ). Businger-
103
Dyer profiles are derived from Businger-Dyer relations (Stull, 1988, pp360-361) .
104
The sharp peak in the near-wall region of the original Businger-Dyer profile de-
105
cayed rapidly when converted from inlet into the domain without wall heating.
106
We assumed that in the near-wall region (i.e. z/h ≤ 0.55) the temperature was well mixed and was approximated as constant as shown in Fig. 1 (a) for Case A.
108
In Fig. 1 (a) and (b) temperature was approximated as constant within canopy (i.e.
109
z/h ≤ 1.0) as a numerical experiment for Cases A and B.
110
Variances and integral length scales of temperature fluctuations are required 111 for generation of instantaneous inlet temperature fluctuations. We followed the 112 same procedure as that of turbulence generation in Xie and Castro (2008, 2009 ).
113
Since temperature-fluctuation statistics were unavailable, it is crucial to know the 114 effect of inlet temperature fluctuations on velocity fluctuations and mean velocity.
115
Subsequently numerical experiments were conducted as follows.
116
(I) The instantaneous inlet temperature was
where no temperature fluctuation was superimposed on the mean profile.
118
(II) Variance of inlet temperature fluctuations was approximated using empir-
119
ical relationships in surface layers under weakly stratified conditions (Stull, 1988, 120 pp366), i.e. θ rms /θ * ∼ 2, where θ * = w θ /u * is surface-layer temperature scal- 
where θ integral length scales was set equivalent to those of wall-normal velocity.
128
(III) The instantaneous inlet temperatures were generated similarly as that in were barely sensitive to these discrepancies.
150
Re was approximately 3,000 based on freestream velocity and cube height. to P1 station in Fig. 2b . Fig. 2b seems more dominant for south-north streets than east-west streets.
212
Boundaries B1, B2 and B4 (see Fig. 4 ) were set as inlets for realistic winds.
213
For −51 • wind only the boundary B1 was set as an inlet, while B2 and B4 were 
243
We also check the effect on turbulence of the profile shape of the mean temper-244 ature at the inlet. Fig. 1(a) shows two dimensionless-mean-temperature profiles 245 specified at the inlet. whereas the effect on mean velocity is hardly discerned (not shown). 
Domain-size effects

274
The computational domain height in unstable conditions is more a concern 275 than in neutral or stable conditions. A larger domain, with height 10h, but other 276 settings same as those in Fig. 2 was designed to test domain-size effects. 
293
The temperature field converges earlier in the stable condition (Fig. 8b ) than the 294 unstable condition (Fig. 8a) .
295
For wind-tunnel experiments and LES, a non-reactive tracer was released from 296 a steady ground-level point source S2 (Fig. 3) . Fig. 9 shows comparison of dimen- numbers, which was because R1 was located at plume edge (see Fig. 3 Unified Model) as boundary conditions to drive the street-scale LES (Xie, 2011).
333
So we tried measured data with high temporal resolution. of plume was estimated using
where D is distance from site F14 to source location X2, T 50 is elapsed time
366
(since release) when ensemble-averaged concentration reaches 50% its local max- Overall, the effect of weakly unstable stratification on dispersion is not small.
388
We also checked the 3D averaged concentration field. y t from south to north and z from ground to top respectively. x, y, z, computational coordinates (Fig.4) . 2 ). u * , mean friction velocity. 
